are amongst the alternative options recommended for increasing H. pylori eradication by extending the treatment duration to 10-14 days and are shown to be associated with eradication rates of 75%-90% (4, (6) (7) (8) (9) .
Sequential therapy is a 10-day treatment consisting of 5 days of PPI therapy with amoxicillin, followed by further 5 days of PPI with clarithromycin and metronidazole (10) . Being recommended particularly in areas with high clarithromycin resistance, including Turkey (11) , it has been associated with a success rate of 90%-94% (10).
However, similar tendencies of decline in eradication rates have also been reported in recent studies with these alternative regimens because of increased antibiotic resistance as well as increased incidence of undesirable side effects of longer term treatment, which can lead to patient non-compliance (2, 3, 6, 7, (12) (13) (14) .
Owing to the growing need for newer alternative eradication regimens or adjuvant treatments, the addition of probiotics (administration of live microbial species) has been considered likely to offer beneficial health effects (15) and thus has attracted substantial interest with respect to H. pylori eradication therapy (16) (17) (18) (19) . On the basis of the demonstration of anti-H. pylori activity of probiotics such as Lactobacillus, Saccharomyces boulardii, and Bifidobacterium, in in vitro and experimental models of H. pylori infection (19) , probiotics have been suggested to improve H. pylori eradication and reduce side effects during therapy (17, 20, 21) . However, findings from clinical studies on the use of probiotics as an adjuvant therapy to H. pylori infection have been inconsistent, with the demonstration of reduced side effects of antibiotics and improved eradication rates in some studies (16, (22) (23) (24) (25) (26) (27) (28) (29) (30) , while no significant effects of adjuvant probiotics on eradication rates (22, (31) (32) (33) (34) (35) (36) or side effects (26, 27, 30, 31, 32, 33, (35) (36) (37) have been reported in other studies.
Therefore, in this study, we aimed to evaluate the effect of probiotics administered as an adjuvant to sequential H. pylori eradication therapy on eradication rates, treatment resistance, treatment-related side effects, and patient compliance.
MATERIALS AND METHODS

Study Population
In total, 159 patients, diagnosed with H. pylori via endoscopic gastric biopsies, were eligible to be included in this randomized placebo-controlled study. Patients who had previous H. pylori eradication therapy, gastric cancer, and known allergic reactions to penicillin therapy were excluded. All patients received 2-week sequential H. pylori eradication therapy with amoxicillin (LargopenÒ, 1,000 mg, bid)+PPI (Pantoprazol, PulcetÒ, 40 mg, bid) in the first week and then metronidazole (FlagylÒ, 500 mg, t.i.d.)+clarithromycin (MacrolÒ, 500 mg, bid) + PPI (Pantoprazol, PulcetÒ, 40 mg, bid) in the second week. Starting from day 0 of 2-week sequential eradication therapy (ERA), patients in the (11.9) years, 55.6% were females] received no additional treatments. The participants were randomly assigned in a 1:1:1 allocation to the ERA+probiotic, ERA+placebo, or ERAonly groups, using a computer-generated, permuted block randomization, with a block size of six. Personnel involved in the delivery of the treatment and participants were blinded to group allocation. The placebo was administered in a similar way to the probiotic regimen in terms of the daily amount (1 capsule/day), shape and color of the boxes containing the active regimen, with no trademark identifications, and the same number of capsules.
Written informed consent was obtained from each subject after a detailed explanation of the aims and protocol of the study, which was conducted in accordance with the ethical principles stated in the "Declaration of Helsinki" and approved by the institutional ethics committee (Date of Approval: 26/02/2015; Reference number: 55/18).
Study Parameters
Patient demographics (age, gender), treatment outcome (eradication rate, compliance, reasons for treatment discontinuation), and symptoms related to side effects of eradication therapy (loss of appetite, nausea, vomiting, taste alteration, dizziness, abdominal pain, diarrhea, headache, and skin rash) were recorded for each patient and compared with respect to treatment groups. Sub-analysis of treatment outcomes and symptom prevalence in patients with vs. without probiotic treatment via comparison of the combined "ERA-only and ERA+placebo" groups with the ERA+probiotic group was also performed.
Assessments
Side effects were evaluated before the treatment and at the 1 st and 2 nd weeks of anti-H. pylori treatment using a form, including items on the standard side effect scoring system for H. pylori treatment. Side effects were recorded based on patients' statements during direct questioning by a physician.
Compliance was verified based on pill counting in medication containers returned by subjects upon completion of treatment, and asking the subject directly about therapy completion, considering compliance to be satisfactory when the drug intake exceeded 85% (38) (39) (40) .
The group non-compliance includes patients who quit the treatment due to antibiotic-related side effect/effects. Also, patients who finished the whole treatment (no compliance problem) but were H. pylori-positive at the end of the treatment were grouped as treatment resistance (pure antibiotic resistance).
Four weeks after the end of the eradication therapy, evaluation of the H. pylori status was repeated via a 14C urea breath test.
Diagnosis of Helicobacter pylori Infection
Overall, 6 endoscopic biopsies were taken, including the antrum (n=3), corpus (n=2), and lower part of the lesser curvature (n=1), for histopathological examination (HE and Giemsa staining) or rapid urease test (Hp fast, GI SUPPLY, Check-Med Systems, Inc. USA). Histopathological evaluation was made by experienced pathologists who were blind to the treatment. Patients were considered to be positive for Hp only if both histological examination and rapid urease test were positive.
Statistical Analysis
Categorical data were analyzed using Fisher's exact test and the Pearson chi-square test. The Student's t-test was used for comparison of two groups and one-way ANOVA was used for comparison of three groups with a normal distribution. Relative risks (RR) were calculated, including a 95% confidence interval (CI). Results are expressed as n (%) or mean (standard deviation). Intention to treat (ITT) analyses were done and the number needed to treat for an additional beneficial outcome (NNTB) was calculated. The overall data were analyzed with the Statistical Package for the Social Sciences (IBM SPSS Statistics; Armonk, NY, USA) 20.0 and a p value of <0.05 was considered statistically significant.
RESULTS
Patient Demographics and Treatment Outcome
Treatment groups were homogenous in terms of patient demographics. Treatment resulted in eradication of H. pylori in 76.1% of overall patients, with no significant difference between the ERA-only (72.2%), ERA+placebo (69.2%), and ERA+probiotic (86.8%) groups. Non-compliance with anti-H. pylori treatment was noted in overall 24 (15.1%) patients, including 10 patients from both the ERA-only (18.5%) and ERA+placebo (19.2%) groups and 4 patients from the ERA+probiotic (7.5%) group. The reason for treatment non-compliance was diarrhea in 15 (9.4%) patients and skin rash in 9 (5.7%) patients (Table 1) .
Sub-analysis of treatment outcomes in patients with vs. without probiotic treatment via comparison of the combined "ERAonly and ERA+placebo" groups with the ERA+probiotic group was also performed. This revealed significantly higher rates for eradication (86.8% vs. 70.8%, p=0.025) and no difference for treatment resistance related to antibiotics (10.4% vs. 5.7%, p=0.389) and non-compliance (7.5% vs. 18.9%, p=0.060) in the ERA+probiotic group compared with the combined ERA group (Table 1) .
Among patients experiencing diarrhea-related non-compliance, the percentage of patients from the ERA+probiotic group showed no significant difference compared with patients from the combined ERA group (3.8% vs. 12.3%, p=0.084), and also no significant difference was noted between the treatment groups among patients with skin-rash-related non-compliance (Table 1) .
On the other hand, when we compared first week diarrhearelated non-compliance (amoxicillin-related diarrhea), the percentage of patients from the ERA+probiotic group was significantly lower as compared with patients from the combined ERA group (1.88% vs. 12.26%, p=0.036) ( Table 2 and 3) .
Symptom Prevalence
No significant difference was noted between treatment groups in terms of the prevalence of any symptoms prior to treatment. In the first week of anti-H. pylori treatment, patients in the ERA+probiotic group expressed significantly lower rates for loss of appetite (p=0.044) and diarrhea (p=0.010), compared to patients in the ERA-only and ERA+placebo groups. In the second week, loss of appetite (p=0.009), dizziness (p=0.034), abdominal pain (p<0.001), diarrhea (p=0.009), and headache (p=0.003) were significantly less common in the ERA+probiotic group than in the ERA-only and ERA+placebo groups. In the ERA+placebo group, significantly higher rates for nausea (p<0.001) and skin rash (p=0.009) were noted in the second week of therapy as compared with the ERA-only and ERA+probiotic groups (Table 4) .
Sub-analysis of symptom prevalence in patients with vs. without probiotic treatment via comparison of the combined "ERAonly and ERA+placebo" groups with the ERA+probiotic group was also performed. This revealed significantly lower rates for loss of appetite (11.5% vs. 29.2%, p=0.014), diarrhea (37.7% vs. 63.2%, p=0.002), and headache (30.2% vs. 48.1%, p=0.031) in patients with compared to without probiotic supplementation in the first week of eradication therapy (Table 5) . Similarly, receiving probiotic treatment during the second week of eradication therapy was associated with significantly lower rates for loss of appetite (11.3% vs. 31 41 .5%, p=0.001), and skin rash (9.4% vs. 20.8%, p=0.042) when compared with a lack of probiotic therapy (Table 5 ).
The NNTB using probiotic treatment versus standard treatment was 6.2 (CI 95%, 3.5 to 28.9). A post hoc power analysis using Gpower 3.1 (41) revealed 98% statistical power with 0.05 alpha. H. pylori eradication rates for rescue regimens has been considered to range from 70% to 90% on a global basis (18) . Although the success rate of sequential therapy has been indicated to range from 90% to 94% (10), data from a past study in Turkey have revealed the success rate of eradication therapy to be 53% with standard triple therapy and 78% with sequential therapy (42) . Accordingly, the achievement of a favorable eradication rate (86.8%) only via the use of probiotics as an adjuvant to sequential H. pylori eradication therapy in our cohort emphasizes on the benefit of using adjuvant probiotics to enable better efficacy of sequential therapy in Turkey, where clarithromycin resistance is high (11, 42) .
DISCUSSION
The beneficial effects of Lactobacillus-and Bifidobacterium-containing probiotics on the eradication rate and the incidence of total side effects during H. pylori eradication therapy has also been reported in a meta-analysis by Wang et al. (29) Hence, the eradication rates obtained in the placebo group in our cohort are consistent with the overall eradication rates reported previously in randomized trials (3, 39, 44) , while the benefit of probiotic therapy on eradication rates also seems to be in agreement with data from studies on probiotics (18, 25, 29, 30, 39, (45) (46) (47) , including Bifidobacterium (17, 42, 45) .
Further, our findings are consistent with data from several meta-analyses concluding the beneficial effects of probiotics on decreasing treatment-related side effects (19, 25, 29, 38, 45) , thereby increasing the likelihood of higher eradication rates (18, 19, 25, 29, 38, 45) when used as an adjuvant to H. pylori eradication regimens.
Notably, a higher efficacy of probiotic supplementation in increasing eradication rates has been suggested when antibiotic therapies are relatively ineffective (17) . In this regard, our finding related to a lower rate for treatment resistance in patients with than without probiotic supplementation, which emphasizes the likelihood of probiotic supplementation eliminating resistant strains and thereby improving the eradication rates of H. pylori, particularly when antibiotic therapies are relatively ineffective (17) .
While the effectiveness of probiotic supplementation in increasing eradication rates has been more consistently reported in clinical studies as well as meta-analyses (16, 17, (22) (23) (24) (25) (26) (27) (28) (29) (30) , there is inconsistency regarding side effects, with demonstration of benefit in terms of overall side effects in probiotics groups in some studies (26, 27, 30) , but a lack of any significant change in others (16, 22, 23, 25, 28, 29, 35, 36) .
Along with no significant difference being found between patients with and without probiotic supplementation prior to treatment, our findings revealed significantly lower rates for side effects related to sequential therapy with than without adjuvant probiotic administration, considering both the first (loss of appetite, diarrhea, and headache) and second (loss of appetite, nausea, dizziness, abdominal pain, diarrhea, headache, and skin rash) weeks of treatment. This seems consistent with previous clinical studies (24, 34, 37, 40) , as well as data from some meta-analyses (17, 18, 19, 25, 28, 29) , which indicated that probiotics have a remarkable effect on reducing adverse reactions related to H. pylori therapy.
Qualitative and quantitative alterations in intestinal flora have been blamed for the occurrence of gastrointestinal disturbances experienced during H. pylori eradication therapy (40, 48) , while gastrointestinal side effects have been considered to be more common and more severe with the use of amoxicillin (34) and clarithromycin (48), respectively.
The rationale for the efficacy of probiotics in reducing treatment-related side effects has mostly been based on restoration of the physiological microecology in the intestine and inhibition of the prokinetic action of macrolides (40, 49, 50) . The concentration of Bifidobacteria, members of the normal microbiota with beneficial effects to the host (51), has been indicated to decrease during the eradication of H. pylori (52) . Thus, the probiotic therapy-associated restoration of bifidobacteria concentrations could explain the amelioration of treatment-related symptoms in the present study (46) .
Unlike the data from clinical trials and meta-analyses reporting a reduction in the rate of taste disturbance resulting from addition of probiotics (Lactobacillus GG; Saccharomyces boulardii and a combination of Lactobacillus spp. and Bifidobacteria) to eradication therapy (18, 34, 40) , our findings revealed taste alteration as the most common 2 nd week symptom in all treatment groups, regardless of the use of probiotic supplementation, which may be related to the inclusion of symptomatic patients in our cohort.
Notably, in a past study conducted with symptomatic patients with H. pylori, based on evaluation of new or aggravated symptoms within the eradication week relative to the baseline, probiotic and placebo groups were found to be similar in terms of individual symptoms, while the treatment-related symptoms assessed via the total symptom score change were reported to be less common in the probiotic group (46) . Accordingly, given the identification of headache, dizziness, and loss of appetite as the three most common symptoms before the initiation of eradication treatment in our study population, our findings emphasize on the importance of pretreatment evaluation of symptoms in safely and simply avoiding the risk of poor adherence during eradication therapy in symptomatic patients as well as the potential benefit of adjuvant probiotic treatment even in previously symptomatic patients.
Indeed, given the presence of various scoring systems and being dependent on patients' subjective reporting in the assessment of side effects, the evaluation of patients' compliance rather than treatment-related side effects has been suggested to remain of key clinical interest in comparing adverse event profiles of different eradication regimens (53) . Antibioticassociated gastrointestinal side-effects, even in mild cases, have been considered to be a serious drawback of H. pylori eradication therapies (53) , also leading to possible treatment withdrawal in motivated and dyspeptic patients, and the consequent risk of poor treatment or emergence of antibiotic-resistant strains (40) .
However, despite the likelihood of probiotics promoting patient compliance by preventing adverse events (37, 54) , and the fact that non-compliance may substantially lower the eradication success (55) , the influence of probiotics on patient compliance under eradication therapy has seldom been studied (38) , although limited data indicates a marked influence of therapyrelated side-effects on eradication rates (40,56).
Probiotics alone or combined with lactoferrin were reported to improve compliance, but not eradication, in sequential H. pylori eradication therapy (57) . Moreover, in a meta-analysis of 45 articles with 6,997 participants by Zhang et al. (38) , despite an increased eradication rate and reduced adverse events, no evidence of a lesser non-compliance in the probiotics group was noted.
In our cohort, non-compliance with H. pylori eradication treatment was noted in overall 24 (15.1%) patients, which was due to diarrhea in 15 (9.4%) patients and skin rash in 9 (5.7%) patients. The non-compliance rate (1.88% vs. 12.26%) due to first week diarrhea was significantly lower with adjuvant probiotic administration. This finding is in agreement with data from a past study indicating that addition of the probiotic Lactobacillus GG to a 2-week triple anti-H. pylori regimen was associated with better treatment tolerability as compared with eradication therapy per se (40) . Also, addition of probiotics to H. pylori eradication triple therapy was shown to be associated with a significant reduction in the frequency of diarrhea in a metaanalysis (25) .
Being based on a randomized placebo-controlled design with inclusion of previously symptomatic patients, and consideration of the pretreatment symptom profile in assessing treatment-related side effects seem to be the major strengths of this study. However, certain limitations of this study should be considered. Firstly, the relatively low sample size might preclude us from achieving statistical significance for treatment outcomes in comparison of three individual treatment groups, which indeed necessitated binary sub-analysis by re-grouping patients as a combined "ERA-only and ERA+placebo" group and an ERA+probiotic group. Secondly, despite randomization of subjects to groups, and the use of placebo and baselineadjusted analyses, total control over possible confounding factors cannot be guaranteed because of the small sample sizes. Thirdly, side-effect evaluation was based on patients' subjective reporting, which is likely to be biased due to patients being aware of the intervention. Nevertheless, despite these limitations, given the inconclusive data available on this subject, our findings provide an important contribution to the literature, indicating promising results.
In conclusion, adjuvant administration of probiotic (B. animalis subsp. lactis) to 2-week sequential H. pylori eradication therapy was associated with a higher H. pylori eradication rate, lower diarrhea-related treatment discontinuation rates, less common self-reported side effects, and higher treatment compliance. The use of adjuvant probiotic treatment appears promising in enabling gastric H. pylori eradication and ameliorating most treatment-related adverse events, while the subject deserves further investigation in large-scale clinical studies addressing the mechanism of action, and appropriate timing and duration of probiotic administration, as well as the baseline symptoms and antibiotic resistance profiles of patients. 
